Goat farming in the northeastern regions of Brazil plays an important role in the socio-economic functions of the country. However, high rates of morbidity and mortality occur in the animals, caused primarily by infectious diseases like caseous lymphadenitis, which is widespread in goat herds; this causes serious economic losses to the farming business. Although events such as animal fairs are common in the region, wherein most of the goats and sheep are sold, the risk of disease transmission remains, since the health condition of the animal is unknown. The aim of this study was to determine the frequency of anti-Corynebacterium pseudotuberculosis antibodies present in the goats sold at the animal fair of Tabira -PE, Northeastern semi-arid. Serum samples from 233 goats were collected from the period of November 2014 to June 2015. The diagnosis of infection by C. pseudotuberculosis was made using the indirect ELISA technique. The number of goats seropositive for C. pseudotuberculosis was identified as 87 (37.34%; 95% CI = 31.38 -43.71%). Of the nine flocks evaluated, five (55.55%) were positive. Thus, it is suggested that infection by C. pseudotuberculosis is widespread in the goats sold at the animal fairs in the semi-arid Northeastern, reinforcing the need for disease diagnosis in goat herds in the region for the possible implementation of disease control programs. Key words: Agglomerations. Caseous lymphadenitis. Goats. Serology.
Introduction
Goat farming is an extremely important activity of the northeastern region of Brazil, where 92.9% and 59.8% of the goat and sheep population, respectively (IBGE, 2016) are concentrated. Goat farming is estimated to be present in more than one million of the rural establishments of Brazil, playing an important socio-economic role (MOREIRA; GUIMARÃES FILHO, 2011) . However, high rates of morbidity and mortality occur in the caprine producing system of the region, caused mainly by the infectious diseases. This in turn results in serious economic losses to the productive chain, thus hindering the activity (PINHEIRO et al., 2000; MEDEIROS et al., 2005; ALENCAR et al., 2010) .
Among these infectious diseases, we highlighted caseous lymphadenitis (CL), caused by Corynebacterium pseudotuberculosis, which is recognized by the formation of abscesses in the superficial or internal lymph nodes and organs (FACCIOLI-MARTINS et al., 2014) . The damages caused by the disease are related to the impairment of organic functions, drop in productivity, reproductive problems, mastitis, skin depreciation, carcass condemnation, and even animal death. In Brazil, it is estimated that most of the goats and sheep are infected, mainly in the northeast region of Brazil, which contains majority of the national goat and sheep herds (ALVES et al., 2007) .
There are several serological tests available for the diagnosis, such as ELISA (enzyme-linked immunosorbent assay), which has adequate sensitivity and specificity, and is very useful in studies of CL prevalence in herds, presenting as a diagnostic option in the disease control programs (FACCIOLI-MARTINS et al., 2014) . Nonetheless, only a few serological surveys have been carried out in Brazil so far, probably due to the difficulties in obtaining supplies and the lack of necessary infrastructure to carry out the study (MARTINS et al., 2010) .
The commercialization of the small ruminants in trade fairs is one of the main strategies of production distribution in the northeastern region of Brazil (NOGUEIRA FILHO et al., 2010) . There are places where a substantial part of the goat and sheep production commerce occurs, by the farmers themselves or by the intermediary merchants, which involves acquiring the animals in the region's breeding farms and reselling them in these places. Animal fairs occur frequently, contributing to the growth and economic development of the interior cities of the Northeast (MAIA, 2007) . Nevertheless, these agglomerations represent a serious problem related to the transmission of the infectious diseases to the herds due to the stringent contact and movement of the infected animals, vectors, and fomites (THRUSFIELD, 2007) .
Thus, information about CL epidemiology and the knowledge of disease transmission dynamics in the goat herds of the northeastern region is required, especially in the segments of higher risk, such as in animal agglomerations. Hence, the objective of this study was to determine the frequency of anti-C. pseudotuberculosis antibodies generated in the goats sold at the Tabira-PE animal fair of the northeastern semi-arid region, using the indirect ELISA technique.
Material and Methods
The study was conducted at the animal fair of the municipality of Tabira (latitude 07°35'31''S and longitude 37°32'24''W), located in the Sertão do Pajeú, State of Pernambuco. The fair takes place biweekly, on Tuesdays and Wednesdays, receiving animals from Pernambuco and other states of the northeast. Cattle and small ruminants are the main animals sold, and due to the significant amount of sales, it is considered an important commercial center of the region.
The studied population comprised adult goats (> 6 months of age), of both genders, and without any defined racial pattern. To calculate the number of animals sampled, the following parameters were considered: (a). expected prevalence of 50% (used in order to maximize the sample); (b). absolute error of 7%; and (c). 95% confidence interval, according to the formula for simple random samples. According to these parameters, although the minimum sample "n" was 196 animals, 233 were used. The owners who participated in the survey were chosen by the convenience sampling method (THRUSFIELD, 2007) .
The number of samples per collection was based on the total number of goats that participated in the fair during this period, which summed up to 16,434. These data were obtained from the report on the entry of animals, through the Animal Transit Guides (GTAs) presented by the owners. The data were provided by the Agricultural Protection and Inspection Agency of the State of Pernambuco (ADAGRO). Nine owners accepted to participate in the research, signing the respective Informed Consent Form. The animals were selected randomly from the facilities where the herd commercialization was practiced. The collections were made from November 2014 to June 2015. Blood was collected from 233 goats. Of these, 206 originated from the State of Pernambuco and 27 from the State of Bahia.
The serological test used for the detection of anti-C. pseudotuberculosis antibodies was the indirect ELISA, according to the methodology described by Carminati (2005) , using antigen produced from the sheep-strain in brain-heart broth with 0.1% Tween 80 and purified by three-phase partitioning (TPP), according to Paule et al. (2004) . ELISA was carried out with the modifications developed by the Brazilian Agricultural Research Corporation (Embrapa Goats and Sheep, Sobral -CE).
The 96-well flat bottom polystyrene plate (NUNC ® ) was sensitized with 100 μl of antigen per well, diluted in 0.05 M carbonate-bicarbonate buffer (pH 9.6) to a final concentration of 1.25 ng/ μl and incubated at 4° C overnight. Following this, the plate was washed twice with wash buffer (PBS with 0.05% Tween 20). The blocking step was then performed with 100 μl of 2% casein solution (in PBS) per well, with subsequent incubation for 1 hour at 37° C. After the washing step, 100 μl of the 1:100 diluted serum (in PBS-T20 + 0.05% casein) was added, and the plate was incubated for 1 hour at 37° C. For the positive and negative controls, goats' sera known to be positive (confirmed by microbiological examination) and negative (diseasefree herds) for C. pseudotuberculosis, respectively were used. A blank containing only the incubation buffer was used. Each of the serum and control was tested in duplicate. After the washing step, 100 μl/well of rabbit total immunoglobulin goat anti-immunoglobulin conjugate (SIGMA ® A5420), marked with peroxidases and diluted in the ratio of 1: 10,000 was added and incubated for 45 minutes at 37° C. After the washing step, 100 μl /well of developing solution (15 ml of citric acid solution at pH 5.0 + 3 mg of orthophenylenediamine + 3 μl of 30% hydrogen peroxide) was added. The plate was incubated for 15 minutes at room temperature, in the dark. The reaction was stopped by adding 30 μl of 5% sulfuric acid. The ELISA reader (Multiskan ™ FC Microplate Photometer) was then run at 492-nm wavelength filter. This test had a sensitivity of 78.57% and specificity of 98.75%. 
Results
A total of 233 goat sera were examined for the presence of antibodies against C. pseudotuberculosis secreted antigens by the indirect ELISA method. Of the sera tested, 87 samples (37.34%, 95% CI = 31.38 -43.71%) revealed a positive result. Of a total of 73 samples of male goats, 12 (16.44%) were seropositive and of the 160 samples of female goats tested, 75 (46.88%) presented positive serology ( Table 1) . Five of the nine studied properties (5/9, 55.55%) were positive, presenting a proportion higher than 30% of the seropositive samples per property (Table 2) . 
Discussion
The diagnosis of C. pseudotuberculosis infection can be performed mainly through bacterial isolation and identification, serological techniques, and polymerase chain reaction (OREIBY, 2015) . The isolation and identification of the agent in caseous material drained from the abscesses or organs is considered as the gold standard for the diagnosis of CL FONTAINE, 2007) . Nevertheless, some infected animals may not show the clinical signs such as abscess formation, which may be a limiting factor in performing the technique. Hence, serological techniques that have adequate sensitivity and specificity are indicated for the disease diagnosis, since they have the advantage of identifying the infection in situations where the animals present compatible clinical symptomatology (BINNS et al., 2007) .
Among the serological techniques for CL diagnosis, ELISA is an important technique. According to Faccioli-Martins et al. (2014) , various improvements have made it possible for the use of this assay in disease-control programs. The advantages are cost-benefit, ease of application, and acceptable sensitivity and specificity (OREIBY, 2015) . Nassar et al. (2014) reported other advantages like shorter test time, ease of antigen preparation, and the use of small quantity of inputs, make the use of this test possible for disease diagnosis in the epidemiological studies and for commercial purposes. Thus, in addition to facilitating CL diagnosis in herds, ELISA contributes to disease control in situations where clinical symptoms are not evident, in turn becoming an important emerging tool to be used in the implementation of disease-control programs in Brazil. In this study, the use of this test for the diagnosis of CL allowed the epidemiological diagnosis of the disease at the site of agglomeration and commercialization of small ruminants, proving that the use of this technique as a diagnostic tool in these situations is useful and effective.
The use of ELISA for the diagnosis of CL in Netherlands (DERCKSEN et al., 2000) , Germany (KABA et al., 2001; STING et al., 2012) , and Canada (MENZIES et al., 2004 ) demonstrated sensitivity and specificity variations between 81% -97% and 96% -99%, respectively, due to the different standardizations of antigens produced from bacterial cells, exotoxins, and interferon-γ. In Brazil, Carminati et al. (2003) developed and standardized an indirect ELISA using the antigens obtained from culture supernatant of C. pseudotuberculosis, with sensitivity and specificity of 93.5% and 100%, respectively. Zerbinati et al. (2007) standardized an indirect ELISA with sensitivity and specificity of 99.8% and 98.0%, respectively, using the purified bacterial protein antigen. The indirect ELISA test used in this study, using a TPP-derived antigen of secreted proteins, had a better efficiency as compared to the other tests such as the sandwich ELISA. Additionally, the indirect ELISA using antigens not obtained by TPP, as described by Carminati (2005) , showed a greater reliability in the use of this technique for disease diagnosis. In Bahia, studies by Martins et al. (2010) showed 27.54% of seropositivity in sheep. In Pernambuco, Martins et al. (2011) observed 54.98% of seropositive sheep. Despite the significant differences between the results found in the above-mentioned studies as well as the other studies, it is noted that the disease is indeed widespread in the country, with a high frequency of seropositive animals.
The seropositive properties observed in this study (55.55%) are similar to the results obtained by Carmo et al. (2012) in the Federal District and by Martins et al. (2010) in Bahia, who observed a seropositivity of 50% and 56%, respectively. Nevertheless, it was lower than the result obtained by , who found that seropositivity was 82.7% in Ceará and 95.9% to 100% in Minas Gerais SEYFFERT et al., 2010) . However, the results from the study reveal that a high percentage of positive properties with a high number of seropositive goats are found in each property studied.
Studies using the isolation agent were performed in Paraíba by Andrade et al. (2012) , which evaluated goats and sheep in the semi-arid region of Brazil, where they observed 7.7% of the animals with clinical signs of CL and isolated the agent in 68.2% of the samples. Souza et al. (2011) evaluated sheep slaughtered in a municipality in the Cariri region of Paraíba, originated in Bahia, Pernambuco, and Paraíba; the macroscopic lesions like CL were identified in 15.9% of the inspected animals and C. pseudotuberculosis was isolated in 74.5% of the cultured samples. These results reinforce the need for more comprehensive serological studies, making it possible for the development of control measures for this disease in goats and sheep in the region.
In this study, the frequency of seropositivity in females (46.88%) was significantly higher than that found in males (16.44%). In another study, Souza et al. (2011) demonstrated a higher frequency of agent isolation in the females (17.9%) than in males (13.8%). The authors attributed this fact to the greater slaughter age of females due to their long stay in the farms as compared to that of the males. Thus, the former would have greater chances of acquiring the infection. In addition, the seropositive animals contributed to the maintenance and heightened the risk of disease transmission in the herd.
The infected animals, with or without clinical symptoms, are considered the main source of infection and can contaminate soil, water, food, pastures, and facilities, through the nasal secretions, feces, and pus from the contaminated abscesses (GUIMARÃES et al., 2011b) . The introduction of sick animals into the herds facilitates the disease transmission. An important control measure by the breeders would be to avoid the acquisition of these animals. It is common practice to buy goats at animal fairs in the northeast, where the owners acquire them, and later introduce them to the farm herds (NOGUEIRA FILHO et al., 2010) . In this case, the commercialization of infected animals in such events can act as a facilitator of disease spread. Therefore, control measures contributing to the prevention of the entry of such animals should be implemented.
One aspect that should be considered is the breeding system practiced by the animal traders. They acquire species such as goats, sheep, and cattle from the region's owners through purchase and keep them confined in small spaces until the time of sale. This breeding system presents peculiarities such as intensive breeding, in contrast to the extensive and semi-intensive systems that are generally practiced by most of the owners of the Brazilian Northeast (GUILHERME et al., 2017) . It should be emphasized that intensive breeding is a determinant condition for high CL prevalence due to the confinement of animals in a small space, particularly when there is inadequate control of the disease in such spaces (SOUZA et al., 2011) . Therefore, this study suggested that the confinement condition of intensive breeding may favor CL transmission among herd animals.
Studies have cited that animal traffic is an important risk factor for disease dissemination (BIGRAS-POULIN et al., 2007; CAPANEMA et al., 2012) . This raises the possibility of CL transmission through movement and close contact between the infection sources, susceptible vectors, and interferences at the agglomeration site, as well as the traffic between region's goat and sheep breeding farms to the animal fairs. Alves et al. (2017) emphasized the epidemiological importance of the Tabira -PE animal fair of the northeastern semi-arid region, since the animals traded in that place originate mainly in the states such as Bahia, Pernambuco, and Paraíba and are moved to several municipalities of these and other states of the northeast region. In this way, this event can act as a facilitator of spread of diseases such as CL, since infected animals can be bought by owners of several regions, becoming disseminators of this disease after being introduced to the healthy herds.
Conclusion
It is suggested that C. pseudotuberculosis infection is widespread in goats sold at the animal fairs. This study highlights the importance of indirect ELISA in disease diagnosis in goat herds, mainly due to the rapidity and ease of the technique, which allows the implementation of this method in disease-control programs in the region's breeding farms, animal transportation inspection sites, and in animal agglomerations.
